A frequent and serious complication of certain intracardiac procedures is heart block, produced by operative injury to the conduction pathways. The anatomic relationship of the conduction system to cardiac defects has previously been studied only in isolated cases of heart block. This report deals with a study, by means of serial sections and reconstructions, of the relationships of the atrioventricular node and bundle to a variety of congenital defects in the area of the membranous ventricular septum.
STUDIES on the conduction mechanism of the heart began in 1845 with the observa1ions of Purkinje,' who described in sheep hearts a peculiar type of muscle fiber that now bears his name. In 1893 His2 published a description of the atrioventricular bundle, and since that time a considerable body of information has accumulated on the structure and function of this specialized tissue. However, except for isolated studies in cases of congenital heart block, there is scant information on the course of the conduction fibers in congenital malformations of the heart.
The development of intracardiac surgery has aroused renewed interest in the anatomy of congenitally malformed hearts, and repair of certain cardiac defects has demonstrated the susceptibility of the conduction system to injury. In an early series of 20 cases of interventricular septal defect repaired by intracardiac operations, 9 instances of conduction disturbances w-ere recorded.3 Recently Cooley, Kirklin, and Harshbarger4 stated "knowledge of the exact anatomic location of the bundle of His in the presence of persistent common atrioventricular canal has long been needed, for an inadvertently placed stitch through or around the bundle may lead to complete heart block with fatal termination. "4 This present report deals with a study of the anatomic relationship of the cardiac conduction system to various congenital defects in the From region of the membranous portion of the interventricular septum and adjacent structures.
MATERIALS AND METHODS
In the initial stages of the investigation, dissection of the conduction system was attempted in fresh and formalin-fixed human hearts after the method described by Widran and Lev.5 Case 2. This heart demonstrated a persistent atrioventricular canal and a patent foramen ovale. The atrioventricular node lay on the atrial aspect of the fibrous ring, and the atrioventricular bundle penetrated this fibrous ring in a course similar to that described in case 1. The bundle passea around the posteroinferior aspect of the ventricular portion of the atrioventricular defect. As described in case 1, the Iundle lay directly beneath the endocardium. At the lowermost portion of the ventricular defect the bundle divided into right and left bundle branches, which then coursed down the ventricular septum ( fig. 1, case 2, and fig. 3 ).
Case 3. This specimen showed a large interatrial septal defect, only a thin rim of rudimentary atrial muscle remaining on the superior aspect of the fibrous ring. The atrioventricular node and bundle lay in the normal position. However, before penetrating the fibrous ring, the node and bundle were separated from the atrial cavity only by endocardium and a narrow rim of atrial muscle ( fig. 1, case 3) . Case 4. In this specimen, the interventricular septal defect was high in position; however it lay FIG. 1. Reconstructions demonstrating relationships of the atrioventricular node and bundle in cases of (1) in the muscular septum posterior to the septum membranaceuum. The atrioventricular nolde and bundle lay in the usual position, close to the inembranous septum, which was intact in this case. Distal to the bifurcation of the bundle, the right branch was indistinct ( fig. 1, case 4) In 1933 and 1934, Yater and  co-workers8' 9 studied an additional 2 cases of complete congenital heart block, both of which were found to have defects in the membranous portion of the interventricular septum. In both cases the atrioventricular node was identified; in one case the bundle of His was separated from the node, and in the other case the bundle of His could not be identified. Similar studies on cases of heart block have appeared sporadically,'0-'2 and this material has been summarized in a review of congenital heart block by Donoso, Braunwald, Jick, and Grishman.'3
Although the location of the atrioventricular bundle in human beings has received little attention in the past, it is a subject of current interest in several laboratories. While our studies were in progress, we learned of research being done by Truex and Kain14 on conduction tissue in human hearts with high interventricular septal defects. From their demonstration at the American Association of Anatomists in 1956 it appears that their results are comparable to ours in case 1.
In the cases included in this report, hearts with a variety of defects in the region of the membranous portion of the interventricular septum were selected. In the case of the simple defect of the septum membranaceum, the conduction bundle was readily identified coursing along the postero-inferior rim of the defect. A comparable anatomic relationship was observed in the case of atrioventricular canal, with the bundle lying along the postero-inferior rim of the ventricular portion of the defect. Both these defects are believed to be related to a failure of fusion of the dorsal endocardial cushion and the ascending ventricular septum.
W-alls'5 has observed the atrioventricular bundle in an 8-mm. embryo, and he describes its course as "growing forward under the dorsal endocardial cushion, still not fused with the ventral, to reach the summit of the interven-tricular septum." It seems reasonable that in this area of embryologic fusion the conduction bundle will o((upy a position along the postero-inferior aspect of the smaller defects, both simple interventricular septal defects and persistent atrioventricular canals.
In the case of a large interatrial septal defect, the atrioventricular bundle lay in close proximity to the atrial cavity, beneath the rim of rudimentary interatrial muscular septum. The position of the bundle might render it susceptible to injury during closure of the interatrial defect.
The atrioventricular node and bundle occupied normal positions in the case of a high interventricular defect in the muscular portion of the septum. The bundle coursed in close proximity to the membranous portion of the septum, which was intact.
In the case of complete transposition of the great vessels, the normal course of the conductiod system perhaps could be predicted. In such an anomaly the embryologic defect involves the spiral septation of the truncus arteriosus, and the fusion of the ventricular septum and dorsal endoeardial cushion remains undisturbed.
The course of the conduction system in the very large defects, such as common ventricle, remains unknown. In 
